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The current study was aimed to determine the physico-chemical characteristics from the seawaters of Andaman and 
Nicobar Islands, during one year seasonal (post-monsoon, summer, pre-monsoon and monsoon) survey from January to 
December 2016 at six different sampling stations viz. Carbines Cove beach (CC), Burmenalla beach (BB), Hadoo Wharf 
harbor (HW), Pigeon Island (PI), Bquarry beach (BQB) and Campbell Bay (CB). Surface water temperature, pH, salinity, 
dissolved oxygen, nitrite (NO2), nitrate (NO3), total nitrogen (TN), inorganic phosphate (IP), total phosphate (TP) and 
silicate (SiO3) were recorded. The physico-chemical parameters were tested by means of multivariate statistical methods 
including Pearson’s correlation, Principal Component Analysis (PCA), Cluster Analysis (CA) and Multidimensional Scaling 
(MDS). PCA revealed that 60.38% of variations in physico-chemical characteristics of all the six sampling stations. It 
showed a high degree of positive correlation with surface water temperature, salinity, DO, nitrite, nitrate and inorganic 
phosphate. A moderate degree of positive correlation with total phosphate in all the four seasons. CA produced a 
dendrogram assemblage of the study sites into four groups that exhibited maximum similarity of 99.3 % which has 
anthropogenic influence. The acquired results are significant to the mentioned conditions for virtual study with other parallel 
ecosystem in the area. 
[Keywords: Andaman and Nicobar Islands; Multivariate analysis; Physico-chemical parameters; Principal Component Analysis] 
Introduction 
Andaman and Nicobar Islands are particular of the 
union territories of India, located in the eastern 
element of Bay of Bengal. Around 572 Islands are 
inside the Andaman and Nicobar archipelago, which 
is individual of the well-known biodiversity hotspots 
of the earth. The Andaman group of Islands are 
detached from the Nicobar group of islands. The seas 
and bays, the important and sustainable habitation of 
this ecosystem are subjected to human activities, and 
natural and marine variation
1
. In topical decades, 
quick fiscal enlargement and raise in the residents of 
sea areas have employed a huge collision on the 
natural surroundings of the bays. Eutrophication and 
ecological effluence have noticeably arised in various 
marine regions, particularly in estuaries and coastal 
beach with intense human populations in their 
watershed. The seawater of Andaman and Nicobar 
Islands are moderately perfect. Still, escalating 
number of crafts/ferries, which are the only way of 
transport of bulk consignments and bunch transfer to 
mainland and other islands, and their removal of 
unprocessed domestic waste and mess into covered 
beach areas are the reasons that can create possible 
risk to aquatic animals, human and physical condition 
of seawater in various localities
2
. Thirteen islands are 
totally inhabitants from Andaman and Nicobar Islands 
(Published by Lowy institute, 2018). In recent times 
there was an augment of visitors (30 percentage rises 
in 2015-16) to these Islands (Developing island 
tourism, India). It is consequently vital and urgent to 
stop and manage oceanic water effluence and to 
frequently practice scrutinizing programs that assist  
in building an understanding of the spatial and 
sequential changes in seawater quality. 
Sea levels in Andaman and Nicobar area has an 
ascend from the earlier stage due to the ground 
subsidence through 26
th
 December, 2004 earthquake 
after the tsunami
3
. A huge area of sea land was 
covered in the tsunami and a substantial region of sea 
land has been waterlogged due to land subsidence and 
change into coastal water level. Owing to sea land 
submergence, the most important part of earlier 
shoreline of marine area has been vanished and a 
substantial region of mangrove forest has also been 
degraded
4
. The environment of these islands is 
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naturally tropical, with grave gales, cyclones, hot  
and moist conditions. The average yearly hotness 
ranges from 22.5 ˚C to 32.5 ˚C, with little-bit raise 
from north Andaman to south Nicobar Islands. The 
relative moisture of ambient atmosphere reaches to  
80 %. Rainfall is profound with an average of about 
3035 mm/year and is long-lasting from May to 
December. Foremost rainfall arises from late May to 
early October (southwest monsoon), whilst a weak 
spell of northeast monsoon rainwater is observed in 
November to December (Indian Metrological Dept, 
India). The huge and difficult information sets of 
water quality factors produced by scrutinizing 
programs are often not easy to analyse significantly 
and necessitate information reduction methods to 
make simpler the data structure so as to take out 
helpful and interpretable information. In such cases, 
the principal component investigation (PCA), and 
cluster analysis (CA) have been efficiently employed 
to assess the chronological and spatial characteristics 
of sea and river water quality
5-11
. In the present study, 
six different sampling stations have been selected 
from Andaman and Nicobar Islands (Fig. 1) namely, 
Carbines Cove beach (CC), Burmenalla beach (BB), 
Hadoo Wharf harbor (HW), Pigeon Island (PI), 
Bquarry beach (BQB) and Campbell Bay (CB) for 
analysing the physico-chemical parameters with 
arithmetical analysis methods (PCA and CA) to 
explain the difference in the sampling waters on 
seasonal basis (post-monsoon, summer, pre- monsoon 
and monsoon) in 2016. 
 
Materials and Methods 
 
Sample Collection 
Survey was carried out Periodically season-wise in 
a year from six different sites in 2016 (post- monsoon, 
summer, pre-monsoon and monsoon) in Andaman and 
Nicobar region (6
o–14oN & 91o–94oE). Surface water 
temperature was deliberated by using a Mercury 
thermometer (± 0.1 
o
C). Seawater pH was recorded 
using pH pen (pH Scan 1 tester-Eutech Instrument, 
Singapore). Salinity was noticed using Hand 
Refractometer (ATAGO, Japan). The DO range were 
estimated using the modified Winkler’s method as 
depicted by Strickland and Parsons
12
. Coastal water 
samples were collected for nutrient testing from the 
surface of all stations. Samples were analyzed for 
nutrients such as nitrite (NO2), nitrate (NO3), total 
 
 
Fig. 1 — Map showing the study area from Andaman and Nicobar Islands 
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nitrogen (TN), inorganic phosphate (IP), total 
phosphate (TP) and reactive siloicate (SiO3). The 
statistical values were cross-checked by standard 
protocol, blank measurements and control samples. 
All the over nutrients were analysed by following 
universal methods
13
. 
 
Statistical analysis  
Cluster analysis (CA), non-metric MDS, PCA and 
Coefficient of correlation (r) using PRIMER 6.1 
software. The graphs for physico-chemical parameters 
were plotted using r software (version 3.1.1) by ggplot  
2 package. 
 
Results 
 
Physical parameters 
Physical parameters, surface water temperature 
diversed from 26.9 to 30.3 ˚C. Minimum water 
temperature (26.9 ˚C) was  recorded at Pigeon  
Island (PI) in monsoon season and the maximum  
water temperature (30.3 ˚C) was recorded at Carbines 
Cove beach (CC) during summer season. Salinity 
concentration varied from 32.1 to 34.64 psu. Minimum 
salinity (32.1 psu) was  observed at Pigeon Island (PI) in 
monsoon season and the maximum salinity (34.64 psu) 
was recorded at Carbines Cove beach (CC) during 
summer season. The concentration of pH differed from 
7.8 to 8.5. Minimum pH (7.8) was  noted at Pigeon 
Island (PI) in monsoon season and the maximum pH 
(8.5) was noted at Bquarry beach (BQB) and Campbell 
bay (CB) during summer season.  
 
Chemical parameters 
The chemical parameters, such as dissolved oxygen 
concentration of coastal water varied between 3.1  
and 5.9 mg/l. In Bur beach, the minimum dissolved 
oxygen concentration (3.1 mg/l) was observed in the 
summer season and the maximum dissolved oxygen 
concentration (5.9 mg/l) was recorded at CC during 
monsoon season. Nitrite content varied from 0.046 to 
0.631µmol/l. The minimum nitrite (0.046µmol/l) was 
recorded at Bquarry beach (BB) station in summer 
season and the maximum (0.631µmol/l) was recorded 
at Hadoowharf harbour (HW) station during monsoon 
season. 
Nitrate amount diversed from 0.068 to 0.949 µmol/l. 
The minimum nitrate (0.068 µmol/l) was recorded at 
BQB station in the summer season and the maximum 
(0.949µmol/l) was recorded at HW station during 
monsoon season. Total nitrogen concentration  
varied from 1.024 to3.985 µmol/l. The minimum total 
nitrogen (1.024 µmol/l) was recorded at CC in post 
monsoon season and the maximum (3.985 µmol/l) 
was observed at HW station during monsoon  
season. Inorganic phosphate concentration varied 
from 0.006 to 0.083 µmol/l. The minimum inorganic 
phosphate (0.006 µmol/l) was recorded at Bb in the 
summer season and the maximum (0.083 µmol/l) was 
recorded at HW station during monsoon season. Total 
phosphate concentration varied from 0.086 µmol/l to 
0.779 µmol/l. Minimum total phosphate concentration 
(0.086 µmol/l) was noticed at BQB in the summer 
season and the maximum (0.779 µmol/l) was recorded 
at HW station during monsoon season. Reactive 
silicate concentration varied from 0.487 to 2.035 
µmol/l. A minimum concentration of silicate (0.487 
µmol/l) was noticed at BQB in post monsoon season 
and the maximum silicate (2.035 µmol/l) was noticed 
at HW during monsoon season (Fig. 2. A to J). 
 
Cluster analysis (CA) 
Cluster analysis was used to perceive parallel 
clusters among the six different stations in four 
seasons. The physicochemical parameters of seawater 
characteristics for all the six sampling stations  
were analysed using cluster analysis (Fig. 3).  
CA created a dendrogram grouping the sampling  
sites into four groups. Cluster 1 includes only a  
single station CC beach that exhibited maximum 
similarity 99.3 % which human activities due to boats, 
ships and sewage outputs. Cluster 2 includes BB 
situated in the interior part of Port Blair and Pigeon 
Island in the Great Nicobar Biosphere Reserve 
(GNBR). Cluster 3 includes a single station, 
Hadoowharf, a harbour area where mainland-bound 
ships, local island boats and ferries are being drived. 
Cluster 4 includes BQB and CB which are innermost 
stations of the GNBR. Sampling stations CC and HW 
are like anthropogenic sources but they created two 
different groups. This can be explained on the basics 
that HW is placed in the central position of the Port 
Blair where the dwelling time of tidally predisposed 
water is unmitigated and organic stack input is 
elevated due to sewage outputs and fishery trawler 
performance compared to CC which is situated in  
the outer bay area where the water block is recurrent. 
Sampling stations Bb and CB demonstrates  
nearly related behaviour as both are the least polluted 
as compared to the other sites. Stations BB and  
PI discriminate maximum similarity (99.3 %) and 
shown in the same group which are moderately 
polluted. 
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Fig. 2 — Variations of physico-chemical characteristics of water in Andaman and Nicobar Islands; A: Surface water temperature; B: 
Salinity; C: pH; D: DO; E: Nitrite (NO2); F: Nitrate (NO3); G: Total nitrogen (TN); H: Inorganic phosphate (IP); I: Total phosphate (TP); 
J: Silicate (SiO3). 
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Non-metric multi-dimensional scaling (MDS) 
Non-metric MDS was made to exemplify the spatial 
sample of resemblance or differentiation between 
samples as well as to recognize the parameters which 
show other influence at stations during the study period 
(Fig. 4). MDS plot clarly notable as four groups as in the 
cluster diagram. Roughly 80 % resemblance between 
sites and parameters for the period of four seasons were 
distinguished by MDS plot. Salinity and surface water 
temperature having 80 % similarity (Group 1) is 
detached as a separate part in the MDS plot. TN, SiO3, 
DO and pH recorded 60 % similarity (Group 2). NO2, 
nitrate NO3 and total phosphate TP represented 40 % 
similarity (Group 3) in the MDS plot and 20 % 
similarity (Group 4) in inorganic phosphate (IP) in all 
the stations. Therefore, it proceeds as an intermediary 
zone partaking seawater parameters of the Andaman and 
Nicobar Islands. 
 
Principal component analysis (PCA) 
The PCA biplot analysis executed on the complete 
set of measured physicochemical parameters of 
Andaman and Nicobar Islands showed differences 
among the sampling sites (Fig. 5). PCA analysis on 
data set delivered three significant components of 
eigen value that explained the total discrepancy of  
the data set. Component 1 showed 60.38 % of  
the variance and designated a strong and positive 
correlation of silicate, surface water temperature and 
salinity. Component 2 recorded 46. 32 % of total 
variance and expressed as inorganic phosphate, total 
phosphate, total nitrogen, nitrite and nitrate has strong 
positive correlations. The position of inorganic 
phosphate, total phosphate, nitrite, nitrate and total 
nitrogen on the negative part of the component 2 axes 
could be justified by the fact that the waters of the 
Andaman and Nicobar Islands are less oxygenated in 
the downstream part in contact with effluents and 
shipping activities. Component 3 showed totally 
18.62 % variation and it exhibited a positive 
relationship with pH and dissolved oxygen. 
 
Multiple correlation analysis  
The correlation coefficient is commonly used to 
measure the relationship between two variables. The 
analytical data of 10 seawater samples for different 
seasons spread over the study areas were correlated. 
The seawater quality parameters considered for 
correlations are surface water temperature, salinity, 
pH, DO, NO2, NO3,TN, IP, TP and SiO3. Statistically, 
the water temperature has a moderate degree of 
positive correlation with salinity (P < 0.05; r
2 
= 
0.666). Salinity exhibited moderate degree of positive 
correlation with NO2 (r
2 
= 0.687), NO3 (r
2 
= 0.666), 
TP (r
2 
= 0.604) and SiO3 (r
2 
= 0.654). The relationship 
between DO exhibited a very high degree of positive 
correlation with NO2, NO3, IP and TP (r
2 
= 0.977). 
NO2 confirmed a very high degree of positive 
correlation with NO3 (r
2 
= 0.993). Subsequently, NO2 
exhibited a very high degree of positive correlation 
 
 
Fig. 3 — Dendrogram based on Bray Curtis clustering method for 
six different sampling stations in Andaman and Nicobar Islands 
 
 
 
Fig. 4 — MDS  illustrates parameters percentage similarity of  
different sampling stations based on Bray Curtis cluster plot 
 
 
 
Fig. 5 — Principal component analysis (PCA) indicating 
characteristics of different sampling stations with respect to 
different water quality parameters 
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with IP and TP (r
2 
= 1.000).The positive relationship 
of nitrite was exposed that moderately significant of 
positive correlation with SiO3 (r
2 
= 0.666). Nitrate a 
high degree of positive correlation with IP and TP (r
2 
= 0.993). Nitrate showed moderately significant of 
positive correlation silicate (r
2 
= 0.722). Total nitrogen 
showed moderately significant negative correlation 
with silicate (r
2 
= 0.552). Inorganic phosphate 
exhibited a very high degree of positive correlation 
with total phosphate (r
2 
= 1.000) and moderately 
significant positive correlation with silicate (r
2 
= 
0.666). Total phosphate indicated a very high degree 
of positive relationship with silicate (r
2 
= 0.666) 
during the post-monsoon season (Table 1).The water 
temperature showed very high degree of positive 
correlation with salinity (r
2 
= 0.787) and NO3 (r
2 
= 
0.768), and a moderate degree of positive correlation 
with NO2, IP and TP (r
2 
= 0.675). The salinity was 
revealed that moderate degree of positive correlation 
with NO2 at the value of (P<0.05; r
2 
= 0.710), IP, NO2 
and TP (r
2 
= 0.651). The DO showed a moderate 
degree of positive correlation with NO2, IP, TP and 
NO3 (P < 0.05; r
2 
= 0.649). The NO2 a very high 
degree of positive correlation with IP, TP  
(P < 0.01; r
2 
= 1.000) and NO3 (r
2 
= 0.985), the 
moderate degree of positive correlation with SiO3  
(r
2 
= 0.781). The relationship between NO3 has a very 
high degree of positive correlation with IP and TP  
(r
2 
= 0.985) and the moderate significance of  
the positive correlation with SiO3 (r
2 
= 0.781). IP 
exhibited significantly very high degree of positive 
correlation with TP (P < 0.01; r
2 
= 1.000). TP showed 
moderately significant positive correlation with SiO3 
(r
2 
= 0.781) during the summer season (Table 1a).The 
water temperature has a very high degree of positive 
correlation with salinity (P < 0.01; r
2 
= 0.862) and pH 
(r
2 
= 0.875), and modereately significant positive 
relationship with NO2, IP and TP (r
2 
= 0.625). Salinity 
showed very high degree of positive correlation with 
pH (r
2 
= 0.833) and a moderate degree of positive 
relationship with NO2, IP and TP (r
2 
= 0.776). The 
relationship between DO with NO2 indicated a very 
high degree of positive correlation (r
2 
= 0.895). 
Subsequently, DO with IP and TP represented high 
degree of positive correlation. NO2 showed very high 
degree of positive correlation with IP and TP  
(P < 0.01; r
2 
= 1.000), the moderate degree of positive 
correlation with NO3 (r
2 
= 0.752). IP exhibited very 
high degree of positive correlation with TP (P < 0.01; 
r
2
= 1.0), and moderate degree of positive correlation 
with SiO3 (P < 0.05; r
2 
= 0.667). TP showed 
moderately significant positive correlation with SiO3 
(r
2 
= 0.667) during the pre- monsoon season (Table 
1b).The water temperature showed a moderate degree 
of positive correlation with DO (r
2 
= 0.794) and 
salinity (r
2 
= 0.636). The relationship between NO3 
has a very high degree of positive correlation with IP 
(r
2 
= 0.981) and TP (r
2 
= 0.924). TP was non-
significant with SiO3 (r
2 
= 0054). NO2 showed a very 
high degree of positive correlation with NO2 (P < 
0.01; r
2 
= 0.970), IP (r
2 
= 0.932) and TP (r
2 
= 0.969). 
IP showed very high degree of positive correlation with 
TP (r
2 
= 0.904) during the monsoon season (Table 1c). 
The negative relationship of water temperature 
showed a moderate degree of negative correlation with 
total nitrogen (TN) (r
2 
=-0.654). pH showed a very high 
degree of negative correlation with TN (r
2 
= -0.913). The 
negative relation of pH exposed less significance of 
negative correlation with SiO3 (r
2 
= -0.462). TN 
exhibited very high degree of negative correlation with 
SiO3 (r
2 
= -0.810). The negative relationship of water 
temperature showed moderate degree of negative 
relation with TN (r
2 
= -0.659). DO showed less significance 
of negative correlation with TN (r
2 
= -0.444).  
Table 1 — Correlation of physicochemical parameters of seawater during post-monsoon season 
  
Surface water 
temp 
Salinity pH DO NO2 NO3 TN IP TP SiO3 
Surface water temp 1 
         Salinity 0.666* 1 
        pH 0.516 0.428 1 
       DO -0.116 -0.521 0.537 1 
      NO2 -0.073 -0.403 0.612* 0.977** 1 
     NO3 -0.002 -0.352 0.630 0.954** 0.993** 1 
    TN -0.497 -0.654* -0.913** -0.223 -0.292 -0.294 1 
   IP -0.073 -0.403 0.612* 0.977** 1.000** 0.993** -0.292 1 
  TP -0.073 -0.403 0.612* 0.977** 1.000** 0.993** -0.292 1.000** 1 
 SiO3 0.431 0.183 0.793* 0.569 0.666* 0.722* -0.552 0.666* 0.666* 1 
(p < 0.05 ; p < 0.01) 
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Discussion  
Seawater characteristics is analysed by combining 
together phenomenos (such as rainfall data, climate and 
sediment attrition) and human activities (including 
metropolitan development, industrialized and farming 
activities and utilization of water resources)
14,15
. These 
actions repeatedly affect seawater conditions, physical 
habitat, and the natal reliability of marine ecosystems
16
. 
The more utilization of water resources in catchment 
regions is dependable for a large amount of contamination 
load
17
. Phyisco-chemical parameters occupy a vital role 
in the growth of biota in a water ecosystem. Phyisco-
chemical parameters of different sites of Andaman  
and Nicobar Islands have been reported by several 
authors
2,18-20
. Therefore, the comprehensive investigation 
on the phyisco-chemical parameters, eg. surface water 
temperature, pH, salinity dissolved oxygen, nitrite 
(NO2), nitrate (NO3), total nitrogen (TN), inorganic 
phosphate (IP), total phosphate (TP) and silicate (SiO3) 
of Andaman and Nicobar Islands had been conducted in 
different sampling stations in four different seasons. 
Generally, the surface water temperature will be inclined 
Table 1a — Correlation of physicochemical parameters of seawater during summer season 
  
Surface water 
temp 
Salinity pH DO NO2 NO3 TN IP TP SiO3 
Surface water temp 1 
         Salinity 0.787* 1 
        pH -0.269 -0.037 1 
       DO 0.196 0.092 0.374 1 
      NO2 0.675* 0.651* -0.068 0.726* 1 
     NO3 0.768* 0.710* -0.161 0.649* 0.985** 1 
    TN 0.476 0.195 -0.215 0.172 0.178 0.312 1 
   IP 0.675* 0.651* -0.068 0.726* 1.000** 0.985** 0.178 1 
  TP 0.675* 0.651* -0.068 0.726* 1.000** 0.985** 0.178 1.000** 1 
 SiO3 0.354 0.412 -0.462 0.388 0.781* 0.747* -0.173 0.781* 0.781* 1 
(p < 0.05 ; p < 0.01) 
 
Table 1b — Correlation of physicochemical parameters of seawater during pre- monsoon season 
 
 
Surface water 
temp 
Salinity pH DO NO2 NO3 TN IP TP SiO3 
Surface water temp 1 
         Salinity 0.636* 1 
        pH 0.522 0.426 1 
       DO 0.791* 0.266 0.516 1 
      NO2 0.463 0.687* -0.035 0.355 1 
     NO3 0.430 0.666* 0.117 0.369 0.970** 1 
    TN -0.659* -0.288 -0.707 -0.444 0.311 0.303 1 
   IP 0.398 0.526 0.087 0.399 0.932** 0.981** 0.349 1 
  TP 0.400 0.604* -0.189 0.215 0.969** 0.924** 0.375 0.904** 1 
 SiO3 0.079 0.654* 0.416 0.121 0.424 0.469 0.054 0.333 0.232 1 
(p < 0.05 ; p < 0.01) 
 
Table 1c — Correlation of physicochemical parameters of seawater during monsoon season 
  
Surface water 
temp 
Salinity pH DO NO2 NO3 TN IP TP SiO3 
Surface water temp 1 
         Salinity 0.862* 1 
        pH 0.875* 0.833* 1 
       DO 0.485 0.580 0.340 1 
      NO2 0.625* 0.776* 0.465 0.895** 1 
     NO3 0.190 0.519 0.117 0.833* 0.752* 1 
    TN -0.063 -0.056 0.394 -0.308 -0.413 -0.306 1 
   IP 0.625* 0.776* 0.465 0.895** 1.000** 0.752* -0.413 1 
  TP 0.625* 0.776* 0.465 0.895** 1.000** 0.752* -0.413 1.000** 1 
 SiO3 0.365 0.306 -0.002 0.459 0.667* 0.219 -0.810* 0.667* 0.667* 1 
 (p < 0.05 ; p < 0.01) 
(Dissolved oxygen (DO), Nitrite (NO2), Nitrate (NO3), Total Nitrogen (TN), Inorganic Phosphate (IP), Total Phosphate (TP) and Silicate (SiO3)) 
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by solar emission, vanishing and fresh water influx
21
. 
Temperature changes may reason great disparity in the 
coastal water properties and respectively in the life,  
it supports. Changes in water density, salinity, and DO 
are caused by temperature changes. Increase and 
reproduction of marine life are moreover temperature 
dependent
22
. Following this vision, in the current study 
maximum temperature was observed in CC beach in 
summer. This also lends support to the study of 
Ramaraju et al.
23
 who reported that the surface  
water temperature varied from 27.5 ºC to 28.5 ºC in  
the southern Andaman Sea during winter and the 
temperature decreases gradually from the sea surface to 
depth. Salinity is one of the most significant factors that 
determine the mixture of biological elements in the 
coastal environment
24
. Salinity variation would 
absolutely have an effect on the biological characteristics of 
the coastal ecosystem. In the current study, salinity 
fluctuated from 32 to 34 psu. Similar salinity ranges 32.3 
to 34.4 (32.8 ± 0.5) was reported by Muduli
18
 from Port 
Blair Bay, Andaman and Nicobar Islands. Water pH 
(Hydrogen-ion concentration) plays an important role by 
influencing all the aquatic organisms including 
microbes
25
. In the present study, maximum pH was 
observed in BB and CB during summer season. In 
addition, pH might often change with time due to 
temperature-salinity changes and biological activity. 
Maximum dissolved oxygen content was recorded at  
CC station in monsoon season. This could be due to  
the heavy rainfall. It has been also opined that the 
monsoonal maximum of dissolved oxygen content was 
due to the consequent renewal of fresh water flow
26,27
. 
Dissolved oxygen showed an inverse relationship with 
temperature and salinity and it is well known that 
temperature and salinity would affect dissolution of 
oxygen in seawater
28
. Nutrients would promote the 
growth and metabolic activity of the microbial 
communities in the marine environment
29
. In the present 
study, nutrients such as total nitrogen and silicate were 
found in higher concentration (3.9 µmol/l and 2.035 
µmol/l) in HW in monsoon seasons. This could be due 
to the anthropogenic sources in Haddo harbour. 
Conversely, higher nutrient load could cause harmful 
algal blooms as reported in Port Blair bay
30,31
. HW area 
is a harbour area for mainland-bound ships and ferries. 
Nitrogen is the limiting nutrient for primary and 
secondary production in most marine environment in 
agreement with earlier works
32
. But, the mean nutrients 
concentrations recorded much lower than the one 
reported earlier from Port Blair bay
19,33
. Nutrients are 
brought to the coastal bays by rivers and sewage 
channels under certain environmental conditions
34
. In 
this study, hierarchical CA was performed to investigate 
the similarities or dissimilarities between the stations 
and physico-chemical parameters. From the dendrogram 
it is clear that during low and high tide most of the 
stations having similar characteristics. But, CC and HW 
formed a cluster which is show a different characteristic 
entirely different from other stations. Cluster analysis 
have been widely applied to interpret and analyze 
complex environmental data matrices to better 
understand the water quality and ecological information 
of the studied area. There are other reports where similar 
approach has successfully been applied in water quality 
programs
7,8,35
. However, the dendrogram can expose the 
data set structure but it does not allow the explanation of 
the observed patterns in terms of the original parameters. 
Therefore, the target physico-chemical parameters data 
set was subjected to PCA in order to determine which 
parameters influence the variation in the six different 
sampling stations of Andaman and Nicobar Islands. 
From the PCA, it can be observed that irrespective of the 
tidal condition (e.g. low tide or high tide) the stations are 
represented by the water quality parameters. The stations 
Haddowharf mostly represented by nutrients, which is 
most polluted among all stations represented by NO2, 
NO3, IP, TP and TN because of shipping activities and 
high organic load from the nearby residential area. These 
results were also hold up by the catchments source/ 
action inventory. A parallel approach based on PCA for 
appraisal of temporal and spatial variations in water 
quality has prior been used
36,37
. Non-multidimensional 
scale plot is projected to assess ecological water quality 
in marine environments
38
. In the present study, MDS 
revealed that overall 20 to 80 % similarity in all the 
parameters. Seasonality has a vital power on the trophic 
status of water, the parameters causing dissimilarity 
between stations
39
. Correlation matrix also revealed 
negative and positive correlations between the 
parameters in all the stations. In the present study, water 
temperature with salinity had strong significant positive 
correlations (P<0.05) level in all the stations in four 
seasons. Further, statistical analysis revealed significant 
positive correlations between temperature and salinity 
concentrations as supported by earlier studies
40
. In the 
marine ecosystem, a temperature is lone of the most 
imperative parameters in the physical surroundings of an 
organism to regulate the survival, growth, reproduction 
and distribution of organisms
41,42
. In all the seasons, 
nutrients, particularly nitrite, inorganic phosphate and 
total phosphate indicated positive correlations. The 
similar study was made in Jiaoezhou Bay, China
43
. 
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Present study portraits the coastal water quality  
of Andaman and Nicobar Islands. Based on the 
multivariate statistical models (CA, PCA and MDS) 
has been builded, which make clears the relationship 
between the different physico chemical parameters 
variances between different stations. 
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